Prediction of the relative immune-supportive capacities of diverse fats and oils is fraught with uncertainty, and a voluminous literature presents a confusing array of conflicting outcomes. Much of the inconsistency among published reports may be attributable to the use of immunological indices, e.g. polyclonal mitogen-induced lymphocyte blastogenesis, that are far removed from antigen-elicited responses in vivo. The results of HosackFowler et al. (1993) attest to this possibility. Moreover, Calder (1998) has pointed out a further problem with in vitro assessment procedures when, as is usually the case, cells are cultured in media containing fetal calf serum rather than autologous serum.
Dietary lipid level is another important variable in studies of fats and immune competence. High levels of dietary fat generally appear immune depressive, at least where cell-mediated immunity is concerned, regardless of fatty acid pattern (Calder, 1998 (Calder, , 2001 , and the outcome of comparisons among fat sources may, therefore, depend on the dietary level at which comparison is made. A specific example illustrating this proposition is provided by Hinds & Sanders (1993) . These authors showed that the depressive influence of fish oil relative to blends of olive and safflower oils was apparent, in relation to murine cell-mediated immune competence, only when fish oil comprised more than 50 % of the lipid in a highfat diet. Thus, a single, cohesive investigation comparing diverse fat sources over a broad range of dietary lipid levels is likely to contribute toward an ability to predict differences among fat sources in the capacity to support immune competence.
The focus of attention with regard to the influence of fats and oils on immune competence is on the saturated fatty acids and the n-3 and n-6 polyunsaturated fatty acids as well as on a presumptive optimal dietary n-3:n-6 balance (Robinson & Field, 1998; Calder, 1998 Calder, , 2001 . In contrast, information is scant with regard to the immunomodulatory potential of monounsaturated fatty acids, specifically 18 : 1n-9 (Calder, 1998 (Calder, , 2001 . Moreover, almost all information pertaining to the influence of dietary 18 : 1n-9 on indices relating to acquired immune competence derives from studies employing in vitro blastogenesis as the outcome measure (Calder, 1998 (Calder, , 2001 ). However, one report can be interpreted to suggest that, relative to 20 : 5n-3 and 22 : 6n-3, 18 : 1n-9 promotes cell-mediated immune competence assessed in vivo (Hinds & Sanders, 1993) . In view of the cardiovascular health-promoting characteristics of 18 : 1n-9 (Kris-Etherton, 1999), an improved database regarding the immunomodulatory activity of this fatty acid is particularly desirable.
The objective of the present investigation was to use acquired immune responses elicited in vivo as a basis for comparing a spectrum of plant oils selected for diversity in 18 : 1n-9, 18 : 2n-6 and 18 : 3n-3 content, and fed over a broad range of dietary levels in a single study. The bulk of information relating dietary fats to acquired immune competence pertains to indices of cell-mediated immunity (Calder, 1998 (Calder, , 2001 . It was deemed important, therefore, to improve the database regarding the other main type of acquired immune response, namely the humoral (antibody) response, and thereby to conduct an investigation addressing a broader spectrum of indices of acquired immune competence than most previous studies offer. Plant oils were chosen as the focus of attention because these foods are already widely accepted and consumed as health-promoting dietary components. Finally, the investigation centred on the development of acquired immune competence at the weanling stage of life. Consequently, the expectation was that the present study would permit assessment of the predictive value of the fatty acid composition of plant oils vis-à-vis the health-related index of immune competence during the post-weaning development of the immune system.
Materials and methods

Animals and diets
Male and female C57BL/6J mice were used from an inhouse breeding colony established in 1989 with mice purchased from the Jackson Laboratory, Bar Harbor, ME, USA. The animals were weaned at 19 d of age and were immediately randomized, each mouse to receive one of eighteen experimental diets. The mice were caged individually in a windowless room maintained at 25 -278C with a photoperiod (fluorescent lighting) of 14 h light and 10 h darkness. Experimental purified diets were based on the AIN 93G formulation (Reeves et al. 1993 ) with modification, as necessary, to accommodate type and level of oil while maintaining a metabolizable energy content (calculated) of 16·6 kJ/g diet (Table 1) . Each diet was made with one of six sources of cold-pressed oil, namely safflower, maize, soyabean, rapeseed, flaxseed and olive, included at one of three dietary levels (40, 80, or 160 g/ kg) and, as dietary oil level increased, the level of cellulose also increased while the level of dietary maize starch decreased (Table 1) . Maize oil (Spectrum Naturals unrefined pure pressed) was purchased from The Big Carrot Health Food Market (Toronto, ON, Canada), whereas the other five oils (Omegaflo w ) were the generous gift of Omega Nutrition Canada, Inc. (Vancouver, BC, Canada). The fatty acid composition expected of the oils used in this investigation (Shukla, 1994; Bhatty, 1995) was confirmed by chemical analysis, and the results pertaining to the three fatty acids of primary interest to this work are summarized in Table 2 . Vitamin-free casein was used as the N source because the ethanolic extraction process to which this product has been subjected minimizes its fatty acid content. Thus, the diets differed only with regard to the source and/or level of oil, and proximate analysis revealed a DM content of 958 (SD 11) g/kg, a crude protein ðN £ 6·25Þ content of 183 (SD 11) g/kg and a lipid content of 46 (SD 2), 82 (SD 3) or 159 (SD 3) g/kg, on an as-fed basis. The mice had free access to diet and tap water throughout the experimental period, and coprophagy was permitted. Animal care and experimental usage were conducted according to the current guidelines of the Canadian Council on Animal Care.
Experimental design
Each diet was provided to ten male and ten female animals (Shipp & Woodward, 1998) , and blood was taken from the orbital plexus. The blood was allowed to clot at room temperature for approximately 1 h, and the resulting serum was stored at 2 808C for up to 6 months awaiting analysis.
Fatty acid analyses of serum and dietary oils
Extraction, methylation and GC analysis of serum samples and of the six oils used to formulate the experimental diets were conducted as described by Holub & Skeaff (1987) . A Hewlett Packard 6890A GLC was used, and the instrument was fitted with a 30 m £ 0·53 mm internal diameter DB w -225 (50 % cyanopropylphenyl methylpolysiloxane) J&W Scientific megabore fused-silica capillary column (Chromatographic Specialties, Inc., Brockville, ON, Canada), a flame ionization detector and a 3396A series integrator. Gas flow rates through the detector were maintained at 360, 36 and 31 ml/min for air, H 2 and N 2 respectively. The column oven temperature was 2058C, whereas the detector and injector were maintained at 2508C.
Compositional analyses of diets and carcasses
Diets and animal carcasses were stored at 2 208C while awaiting compositional analysis. The determination of DM, crude protein ðN £ 6·25Þ and lipid contents is described elsewhere (Woods & Woodward, 1991) .
Assessment of cell-mediated immune competence
Cell-mediated immune competence was assessed as the primary delayed cutaneous hypersensitivity response to dinitrochlorobenzene (DNCB) according to a modification of a procedure described by Corsini et al. (1979) . Briefly, animals were sensitized by application of 50 ml 50 mM DNCB in acetone to the shaved abdominal skin on days 22 and 23 of the experimental feeding period, or on days 13 and 14 of postnatal life in the case of the zero-time control group. Four days after the second sensitizing dose, i.e. day 27 of the experimental feeding period or day 18 of postnatal life for the zero-time controls, each mouse was challenged with 25 ml 25 mM DNCB in acetone divided between the two sides of the right external ear. The left pinna of each mouse was treated similarly with 25 ml acetone. The anti-DNCB response was assessed by determining the accumulation of water (i.e. inflammatory fluid) in the right external ear 24 h after challenge. To accomplish this, the % moisture was determined gravimetrically in each pinna by drying the tissue overnight in a vacuum oven set at 808C. The inflammatory response of each mouse was expressed as the difference in % moisture between the right (challenged) and left external ears. Unimmunized negative controls were treated and assessed in exactly the same manner as immunized animals, except that they received 50 ml acetone only, applied to the shaved abdominal skin.
Assessment of humoral immune competence
Humoral immune competence was assessed as the primary antibody response to the sheep red blood cell (SRBC) according to a procedure described elsewhere (Woodward et al. 1995) . Briefly, each mouse received a sensitizing intraperitoneal injection of 4 £ 10 8 washed SRBC (CedarLane, Hornby, ON, Canada) in 0·1 ml physiological saline (M.T.C. Pharmaceuticals, Cambridge, ON, Canada) on day 23 of the experimental period, or on day 14 of postnatal life in the case of the zero-time control group. Unimmunized negative controls received only an intraperitoneal injection of 0·1 ml physiological saline. Five days later, blood was taken from the orbital sinus, and the serum was frozen at 2 808C to await assay. The anti-SRBC agglutinin titre (concentration) of each serum sample was assessed by means of a series of twofold dilutions in which SRBC from the immunizing lot were suspended. Consequently, titre was determined as the inverse base 2 logarithm of the maximum serum dilution at which agglutination of SRBC was discernible with the unaided eye. By this procedure, the lowest discernible titre was two, corresponding to a serum dilution of 1:3, and any sample in which agglutination of SRBC was indiscernible at this dilution was assigned a titre of zero. Titres were determined by an observer (B.W.), who was blinded to the dietary treatment code.
Statistical analyses
Statistical analysis was performed according to the SAS Guide (1985; SAS Institute Inc., Cary, NC, USA). The predetermined upper limit of probability for statistical significance thoughout this investigation was P¼ 0·05, and means comparisons were two-tailed. All data sets, with the zero-time control group excluded, were first subjected to two-way ANOVA, main effects being dietary oil level and type. Where justified by the statistical probability (i.e. P# 0·05), means comparisons within main effects were made using Tukey's Studentized Range procedure. In addition, where comparisons with the zero-time control group were desired, data were combined across oil levels within each plant oil type to permit analysis by one-way ANOVA followed, if justified by the resulting statistical probability (i.e. P# 0·05), by Tukey's Studentized Range procedure. Data that were not normally distributed, and that could not be normalized by either logarithmic or square-root transformation, were analysed by the KruskalWallis test (x 2 approximation) applied to Wilcoxon rank sums. Where warranted by the resulting statistical probability value (i.e. P# 0·05), this procedure was followed by x 2 comparisons of Wilcoxon two-sample rank sums. For some purposes, correlational analysis was conducted, again only after ensuring that data sets met the requirements for parametric testing.
Results
In the present investigation, data from males and females were kept separately. Except for the indices of final body weight and food intake, however, no gender-related effects were seen (results not shown). All diets supported good rates of weight gain, and neither final body weight nor food intake was influenced by the type of dietary oil (Table 3 , P¼ 0·30 and 0·06 respectively). In contrast, dietary oil level influenced both food intake and final body weight (Table 3 , P¼ 0·0001 and 0·02 respectively) independently of oil type (Table 3 , interaction term P¼ 0·08 and 0·95 repectively). In this regard, food intake decreased modestly and progressively as dietary fat level increased from 40 to 160 g/kg, whereas body weight, although affected by dietary lipid content, exhibited no clear trend in relation to this index. Appropriately, the mice gained both fat and lean tissue during development from weaning through adolescence. During this period, carcass fat levels increased, and consequently DM levels also increased (Table 3 , P¼ 0·0001 for both indices), whereas the proportion of carcass protein was unaffected by age (Table 3, P¼ 0·90). Neither type nor level of dietary oil influenced the distribution of weight gain between fat and lean tissue. A statistically significant influence of dietary oil level was apparent on carcass DM content (Table 3 , P¼ 0·007), but no clear dose -response relationship emerged in this regard.
The serum fatty acid profiles of mice fed the various diets reflected the composition of the oil consumed with regard to n-3 and n-6 fatty acids and 18 : 1n-9 (Table 4 , P¼ 0·0001) Therefore, the serum analyses independently confirmed the consumption of diets containing fat sources differing in composition with regard to the fatty acids of interest to the present investigation. Dietary oil type also influenced serum total fatty acid concentration, although not in a manner that related clearly to the n-3, n-6 or 18:1n-9 content of the oil (not shown, P¼ 0·0002). This influence on serum total fatty acid concentration was independent of oil level (two-way ANOVA, P¼ 0·20 for interaction term), a main effect that exerted no effect on the total fatty acid concentration of the serum (P¼ 0·12, results not shown). Nevertheless, dietary oil level affected the serum fatty acid profile. Thus, animals fed diets containing 40 g fat/kg exhibited lower serum concentrations of total n-6 fatty acids and of 20 : 4n-6 than animals fed the two higher levels of dietary fat (means and main-effect P value in two-way ANOVA respectively: 714 v. 882 and 935 mg/ml, P¼ 0·0001 and 158 v. 186 and 191 mg/ml, P¼ 0·002; in both cases P# 0·05 according to two-tailed application of Tukey's Studentized Range procedure). These effects were independent of oil type as indicated by the interaction terms in the two-way ANOVA that yielded statistical significance levels of P¼ 0·19 (total n-6 fatty acids) and P¼ 0·36 (20:4n-6). Likewise, mice fed diets containing 40 g fat/kg exhibited lower serum total n-3 fatty acid concentrations than animals fed diets containing 160 g fat/kg, whereas the 80 g/kg group did not differ from the other two in terms of this index (mean values 3·1, 3·2 and 3·4 mg/ml in the 40, 80 and 160 g/kg groups respectively; P¼ 0·02 in two-way ANOVA and means compared at P# 0·05 by two-tailed application of Tukey's Studentized Range procedure). In contrast, serum 18:1n-9 concentration differed among animals fed the three levels of dietary oil, varying inversely with dietary oil level (mean values 550, 455 and 345 mg/ml at 40, 80 and 160 g dietary oil/kg respectively; P¼ 0·0001 in two-way ANOVA, and means compared at P# 0·05 by two-tailed application of Tukey's Studentized Range procedure). The influence of oil level on the serum concentration of n-3 fatty acids and 18:1n-9 depended on the type of dietary oil as indicated by the significance levels of the oil type £ level interaction terms (P¼ 0·03 and 0·0001 respectively). Fig. 1(A) and (B) show the results of the comparison among plant oils as to their ability, independently of dietary oil level, to support development of the primary anti-SRBC antibody response and the primary cellmediated anti-DNCB response. The response exhibited by unsensitized negative controls at 47 d of age did not differ among dietary groups, and was subtracted from the results of each mouse to produce the results shown. At this age, unsensitized animals exhibited an inflammatory response to DNCB challenge of 3·0 (SD 1·1) % (n 72), and failed to exhibit a detectable anti-SRBC titre. Likewise, at 19 d of age, unsensitized animals exhibited no anti-SRBC titre but produced an inflammatory response to DNCB challenge of 1·3 (SD 1·5) % (n 6), and these results were used in calculating the outcome presented for the zero-time control group. Both the cell-mediated response to DNCB and the anti-SRBC antibody titre of the groups of mice fed the various plant oils exceeded the corresponding immune responses of the zero-time controls ( Fig. 1(A) and (B) ). Groups fed safflower or maize oils did not differ in terms of the acquired immune responses assessed (Fig. 1(A) and (B) ). However, these groups of mice exhibited a lower primary anti-SRBC antibody response than the groups fed the other four oils which, in turn, did not differ in this respect ( Fig. 1(A) ). In contrast, mice fed safflower or maize oil did not differ from the groups fed soyabean, rapeseed, or olive oil in terms of the primary anti-DNCB response, whereas the groups fed flaxseed oil exhibited a greater anti-DNCB response than those fed safflower, maize, or soyabean oils, but did not differ in this respect from the groups fed rapeseed or olive oils ( Fig. 1(B) ).
It was also of interest to determine the influence of dietary oil level on the immune response indices, and this was tested by means of a two-way ANOVA applied to the data set excluding the zero-time control group. This analysis revealed that the anti-SRBC antibody response (titre) was influenced by dietary oil level (Fig. 2(A) , P¼ 0·002) independently of oil type (interaction term P¼ 0·194), while ). † Two-way ANOVA, P¼ 0·0001 (each main effect and the interaction term). Means are antilogs of log-transformed data. ‡ Two-way ANOVA, P¼ 0·0001 (oil type main effect), P¼0·0001 (oil level main effect), P¼0·1918 (interaction). Mean values are squares of square root transformed data. § Two-way ANOVA, P¼ 0·0001 (each main effect), P¼0·2059 (interaction). k Two-way ANOVA, P¼0·0001 (oil type main effect), P¼0·0019 (oil level main effect), P¼ 0·3615 (interaction). Mean values are antilogs of log-transformed data. { Total n-3: two-way ANOVA, P¼ 0·0001 (oil type main effect), P¼0·0150 (oil level main effect), P¼ 0·0286 (interaction). Mean values are squares of square root transformed data. ** Kruskal-Wallis test of Wilcoxon rank sums which, for the oil type main effect (P¼ 0·0001), were 4819 (safflower), 6418 (maize), 13 601 (soyabean), 15 119 (rapeseed), 19 453 (flax) and 5569 (olive), and for the oil level main effect (P¼ 0·3554) were 20 602·5 (40 g/kg), 21 799·5 (80 g/kg) and 22 578 (160 g/kg). † † Kruskal-Wallis test of Wilcoxon rank sums which, for oil type main effect (P¼ 0·0001), were 5795 (safflower), 5700 (maize), 12 354·5 (soyabean), 15 971·5 (rapeseed), 19 459 (flax) and 5700 (olive), and for oil level main effect (P¼0·7523 were 21 234·5 (40 g/kg), 21 576·5 (80 g/kg) and 22 169 (160 g/kg). ‡ ‡ Two-way ANOVA, P¼ 0·0001 (oil type main effect), P¼ 0·6243 (oil level main effect), P¼ 0·7358 (interaction). Mean values are antilogs of log transformed data.
confirming the influence of oil type on this immunological index (P¼ 0·0002). In turn, two-tailed application of Tukey's Studentized Range test (P# 0·05) showed that, as a group, the diets containing 40 g oil/kg supported a more vigorous primary antibody response than the diets containing 160 g oil/kg, whereas groups fed 80 g oil/kg did not differ from the groups fed either the lower or the higher oil concentrations. In contrast, dietary oil level Fig. 1 . Primary antibody response to sheep red blood cells (SRBC) and primary cell-mediated response to dinitrochlorobenzene (DNCB) by mice fed purified diets formulated with one of six cold-pressed plant oils. Each oil was fed at three different dietary levels, namely 40, 80 and 160 g/kg diet as fed, but the data were combined across oil levels to permit comparison both among oil types and with a zero-time control group. Animals were fed from 19 through 47 d of age (sixty per dietary oil type, i.e. twenty per oil type at each dietary oil level studied), or were examined at 19 d of age (zero-time control, n 32). Each mouse was sensitized with both SRBC and DNCB. For details of diets and procedures, see Tables 1 and 2 Mean values with unlike superscript letters were significantly different (P#0·05). (A), anti-SRBC antibody titre data were analysed by the Kruskal-Wallis procedure (P¼ 0·0001, rank sums: 2930, 6645, 7111, 9310, 9626, 8205·5 and 9147 for the zero-time control, safflower, maize, soyabean, rapeseed, flaxseed and olive oil groups respectively) followed by x 2 comparisons of Wilcoxon two-sample rank sums. The zero-time control group exhibited a mean titre of 5·8, but is assigned a value of unity for the purpose of graphical comparison. Unsensitized animals exhibited no detectable anti-SRBC titre. (B), data pertaining to the anti-DNCB response were subjected to one-way ANOVA (P¼ 0·0001, pooled SEM 0·429) followed by two-tailed application of Tukey's Studentized Range procedure. The response of unsensitized mice to DNCB challenge (3·0 and 1·3 % for 47 d old mice and zero-time controls respectively) has been subtracted from each animal to produce the results shown.
exerted no influence on the anti-DNCB response (Fig. 2(B) , P¼ 0·125), although the analysis confirmed the effect of oil type on this index of cell-mediated immune competence (P¼ 0·0001) and showed that this phenomenon did not depend on oil level (interaction term P¼ 0·200).
Correlation analysis was applied in an attempt to relate the fatty acid composition of the dietary oil to the magnitude of the anti-DNCB and anti-SRBC responses (Table 5 ). The analysis was conducted across oil sources, but without regard to dietary oil level because this variable exerted little influence on the measures of immune competence used in this investigation. The 18:1n-9 level of the dietary oil did not correlate with either measure of immune response, but a positive correlation was apparent with both immunological indices when the dietary concentration ratio of 18:1n-9 (numerator) and 18:2n-6 (denominator) was examined. The dietary level of 18:3n-3 correlated positively with the anti-DNCB response, but did not correlate with the anti-SRBC response, and the same outcome was apparent both in relation to the concentration ratio of 18:3n-3 (numerator) and 18:2n-6 (denominator) and in relation to the concentration ratio obtained by summing 18:1n-9 plus 18:3n-3 as numerator v. 18:2n-6 as denominator. Finally, a negative correlation was found between the dietary level of 18:2n-6 and each of the two immune response indices measured.
Discussion
The present investigation covers the two types of acquired immune response, namely cell-mediated and humoral. All six plant oils supported development of acquired immune competence to a level exceeding that exhibited at the time of weaning, i.e. the level of the zero-time control group. However, the extent to which immune competence developed as the animals matured was influenced by the type of plant oil consumed, and this influence was independent of the dietary oil level over a broad range. At the same time, increasing dietary oil level depressed humoral competence independently of oil type, but exerted no influence on cell-mediated competence. Importantly, these outcomes were independent of the gender of the animals and were obtained within the context of an investigation in which all plant oils and dietary oil levels supported comparable growth rates, including accretion of fat and lean tissue, that were appropriate for the age and strain of mouse used (Poiley, 1972; Woods & Woodward, 1991; Woodward et al. 1995) . Moreover, the work was done using cold-pressed oils, thereby eliminating the confounding influence of conventional refining procedures on oils susceptible to oxidative damage. A simple interpretation of the results is that, from the standpoint of the ability of a plant oil to support development of both cell-mediated and antibody-producing competence, an 18 : 2n-6 content not exceeding that of olive oil (20 g/100 g fatty acids) is desirable, whereas the content of 18 : 1n-9 and 18 : 3n-3 is of little importance.
Antibodies impute defence against organisms occupying the extracellular space, whereas cell-mediated responses defend against intracellular infections as well as against tumour cells. Most acquired immune responses are subject to at least some level of cytokine-mediated T lymphocyte control. In particular, interferon-g promotes cell-mediated responses whereas interleukin 4, with or without the participation of interferon-g, promotes the antibody type of response (Kuby, 1997) . The anti-SRBC antibody response used in this investigation is dependent on T lymphocyte help (DeFranco, 1999) , and both interferon-g and 'B-cell growth factor' (interleukin 4) appear to be needed (Leibson et al. 1984) . In contrast, the anti-DNCB allergic contact dermatitis response is effected by CD8 + T lymphocytes, subject to regulation by the CD4 + subset, and is promoted by interferon-g (Dearman et al. 1996) . The immune Mean values with unlike superscript letters were significantly different (two-tailed Tukey's Studentized Range test P#0·05). (A), for the anti-SRBC antibody data, pooled SEM 1·58 and P¼0·0023 (oil level main effect), 0·0002 (oil type main effect) and 0·1940 (interaction). (B), for the anti-DNCB response data, pooled SEM 0·30 and P¼0·1254 (oil level main effect), 0·0001 (oil type main effect) and 0·2003 (interaction).
responses used in the present investigation, therefore, represent the two types of acquired defence functions designed to confer protection against infectious agents, whether intracellular or extracellular, and involve the major lymphocyte subsets and cytokine regulatory activities. It is also relevant that the SRBC displays members of an antigen family, at one time known as Forssman antigens, likewise exhibited by many common bacteria including opportunistic pathogens (Sell, 1980) .
Safflower oil provides a convenient point of reference for the purpose of interpreting the results of the present investigation because this oil is a rich source of 18 : 2n-6 but contains low levels of the other two fatty acids that were the focus of this work, namely 18 : 1n-9 and 18 : 3n-3. Two outcomes emerge when the results are viewed in this way. First, only flaxseed oil supported development of more vigorous cell-mediated immune responsiveness than safflower oil, although animals fed diets formulated with rapeseed and olive oils did not differ in cell-mediated competence from animals consuming flaxseed oil. Second, flaxseed, rapeseed, olive and soyabean oils supported development of more vigorous antibody-producing capability than safflower oil. Consequently, it may be concluded that, among the oils examined in the present investigation, the order of potency in supporting development of acquired immune competence is as follows: flaxseed ¼ rapeseed ¼ olive. soyabean. maize ¼ safflower. This conclusion is independent of dietary oil level over the reasonably broad range included in the present investigation.
A small body of previous work pertains to flaxseed oil which has appeared depressive of cell-mediated immune competence relative to n-6-rich oils in some studies (Fritsche et al. 1991; Jeffery et al. 1996) , but either was not different from n-6-rich oils in this respect (Marshall & Johnston, 1985) or was stimulatory (Kelley et al. 1988; Fritsche & Johnston, 1990 ) in other studies. The inconsistencies among studies do not appear related to the indices used to assess immune competence, but may relate to oil quality. Flaxseed oil is exceptionally susceptible to oxidation, and predictable product quality depends on application of strictly controlled cold-press conditions as well as on subsequent packaging and storage (Kolodziejczyk & Fedec, 1995) . A recent analysis conducted through the Birmingham City Laboratories suggests that the Omegaflo w (Omega Nutrition Canada Inc.) procedure is superior in minimizing oxidative damage and promoting shelf-life of cold-pressed flaxseed oil (Anonymous, 1999) . Therefore, it is reasonable to suggest that a product equivalent in quality to the oil used in the present investigation is to be preferred in studies of dietary flaxseed oil. Moreover, the identity of a dietary oil is important to specify in reports of experimental work. Without this information, confident comparisons among studies cannot be made, a significant problem with the interpretation of existing literature relating to dietary flaxseed oil.
Consideration must also be given to previous studies of rapeseed and olive oil. Prior to the present investigation, no evidence was available that either of these plant oils might be superior to n-6-rich oils in promoting indices of immune competence. Thus, no difference was apparent between rapeseed and maize oils in supporting development of humoral and cell-mediated competence in the chick (Fritsche et al. 1991) . In addition, an insightful analysis of a larger literature pertaining to olive oil concluded that, in contrast with the present results, olive oil is generally immune depressive relative to n-6-rich oils (Calder, 1998) , although differences are not always apparent (Sanderson et al. 1995b) . Previous information relating acquired immune competence to the consumption of either rapeseed or olive oils derives from studies of the refined products. Moreover, studies pertaining to olive oil have been based on use of the in vitro blastogenesis assay (Calder, 1998) . Overall, therefore, attention to oilquality factors and emphasis on assessment of immune competence by means of in vivo indices may alter our understanding of the relative capacities of n-6-rich and n-6-poor plant oils to support the development of acquired immune competence in the young.
Correlation analysis revealed a negative association, independent of dietary oil type or level, between intake of 18 : 2n-6 and the indices used to assess development of humoral and cell-mediated immune competence in the present investigation. This outcome is consistent with a large information base pertaining to indices of cellmediated immunity both in vitro and in vivo (Calder, 1998 (Calder, , 2001 , and the finding also extends a narrowlybased literature that hints at the same relationship with regard to the antibody response (Calder, 2001) . Further, a negative correlation with development of immune competence was seen only in the case of 18 : 2n-6, in the present investigation, and all other significant correlations were positive. Considered together with the order of immunesupportive potency that emerged among the six oils in the present investigation, this outcome suggests that a key distinction among these oils in terms of their capacity to support development of acquired immune competence lies in their content of 18 : 2n-6, which should not exceed the level found in olive oil, i.e. approximately 20 g/100 g fatty acids. In this connection, it is noteworthy that olive and flaxseed oils (both of which have a low 18 : 2n-6 content) supported comparable, high levels of immune competence despite their converse compositions with regard to 18 : 1n-9 and 18 : 3n-3 and despite the negligible quantity of 18 : 3n-3 in olive oil. Collectively, the results point to a model in which 18 : 1n-9 or 18 : 3n-3 promote immunological development in the young indirectly through replacement of 18 : 2n-6. In turn, the influence of such a replacement could be mediated, in part, through a shift in eicosanoid metabolism to reduce synthesis of prostaglandin E 2 which, as discussed elsewhere (Beharka et al. 1997) , suppresses numerous functions associated with acquired immune competence. This model is consistent with a recent report that macrophages from rats fed either olive oil or fish oil (50 g/kg diet from weaning through young adulthood) exhibited reduced capacity for synthesis of prostaglandin E 2 relative to macrophages from rats fed corn oil (Moreno et al. 2001) . Although statistically significant associations emerged in the present investigation between the fatty acid content of dietary oils and indices of acquired immune competence, the correlation coefficients were small. Discussions provided elsewhere (Calder, 1998 (Calder, , 2001 can be interpreted to suggest that the fatty acids examined here are the main immunologically active components of the saponifiable fraction of plant oils. Consequently, the differences identified among the six plant oils of the present investigation are likely to reflect compositional features in addition to fatty acids, and this deduction points to the non-saponifiable fraction. In this context, it is important to note that cold-pressed oils were used in the present investigation, and that extraction by cold-pressing preserves non-saponifiable components (Litridou et al. 1997) that are lost through conventional refining processes (Uceda & Hermoso, 1997) . The non-saponifiable fraction contains quantitatively minor compounds that are reported to promote acquired immune competence (Bouic et al. 1997) . Thus, in the present investigation, eliminating the confounding factor of refinement may have introduced an interpretive complication relating to minor non-saponifiable components. These considerations further underscore the extent to which the present investigation represents a departure from previous literature based on the use of refined oils. A direct comparison between cold-pressed and fully refined oils is warranted regarding their capacities to support development of acquired immune competence.
A large body of literature supports the opinion that cellmediated immune competence relates inversely to dietary fat level regardless of the chemical nature of the fat or of the index of immune competence assessed (Calder, 1998 (Calder, , 2001 . The results of the present investigation appear inconsistent with this generalization, but cell-mediated immune depression can be indiscernible in diet series that fail to include a sufficiently high level of fat. Studies of human subjects (e.g. Kelley et al. 1992) are easily and reasonably interpreted in this way. Moreover, in studies of rodents, fat levels of 200 g/kg diet may be required to achieve discernible cell-mediated immune depression even where fish oil is the fat source (Hinds & Sanders, 1993; Sanderson et al. 1995a) , and even this high concentration, which exceeds the upper level included in the present investigation, can be insufficient to exert a discernible impact in the case of other types of fats including safflower and olive oils (Sanderson et al. 1995a ).
The present investigation points to an inverse relationship between dietary fat level and humoral competence. This relationship was independent of dietary fat type within the diverse group of plant oils examined herein, and the phenomenon appears similar to that which is widely recognized (Calder, 1998 (Calder, , 2001 ) for cell-mediated immunity. Existing literature on this subject is narrowlybased and equivocal. For example, in studies of the mouse, the primary antibody response to the SRBC was unaffected by dietary maize oil levels supplying up to 70 % dietary energy (DeWille et al. 1979) and this, as well as other, primary antibody responses was likewise unaffected by a dietary safflower oil content of 200 g/kg (Crevel et al. 1992) . In contrast 200 g safflower oil/kg depressed the primary anti-SRBC antibody response of the mouse (Erickson et al. 1986) , and both corn oil and tallow depressed the murine B cell blastogenesis response at this dietary level (Ossman et al. 1980) . Where depression in the antibody response has been reported as a function of dietary fat level (Erickson et al. 1986 ; present investigation), the magnitude of the relationship was modest. In turn, this suggests a need for large studies in pursuing the phenomenon. The present investigation provides the first pertinent data set based on relatively large numbers of animals and diverse oil sources. It will be important to pursue this issue by studying species other than the mouse, by expanding the repertoire of antibody responses examined and by systematically increasing the diversity of oil sources compared while giving careful attention to the products investigated.
Although the n-3 fatty acid requirement of the mouse has not been defined quantitatively (National Research Council, 1995) , the relatively inferior immunological performance supported by safflower and maize oils in the present investigation could be interpreted as a reflection of n-3 essential fatty acid deficiency, i.e. a function of the low levels of 18:3n-3 in these oils coupled with their 18 : 2n-6:18 : n-3 ratios. The results pertaining to olive oil, however, show that this is unlikely. Thus, despite the low concentration of 18 : 3n-3 in olive oil (a level comparable with that of maize oil), this fat source was superior to soyabean oil in supporting the development of cell-mediated immune competence and was indistinguishable from flaxseed and rapeseed oils in supporting the development of both types of acquired immune response examined. These considerations further underscore the conclusion that dietary 18 : 3n-3 fatty acid intake per se is of little consequence to the development of acquired immune competence in the young. In fact, a dietary source of n-3 fatty acids appears unnecessary for the development of this physiological capability. Further to this point, Robinson & Field (1998) recently pointed out that an optimum dietary n-6:n-3 ratio has not been defined on the basis of immune competence. The results of the present investigation suggest that acquired immune responses are not useful for this purpose if the major portion of dietary n-3 fatty acids takes the form of 18 : 3n-3.
An intervention that increases an antibody and/or cellmediated immune response is not, ipso facto, beneficial. First, an increased risk of either allergic or autoimmune disease could accrue. Such pathologies, however, are best understood as representing immune dysregulation in which humoral and cell-mediated responses are out of balance (Kuby, 1997) . In contrast, low n-6 plant oils increased the rate of development of both types of acquired immune competence in a coordinated manner in the present investigation. Moreover, the magnitude of influence found in the present study was modest. Second, benefits in terms of resistance to infectious disease remain to be demonstrated in this experimental system. Such benefits are reasonable to anticipate, however, and the results reported here provide justification for initiating studies that impose infectious pathologies on animals.
Finally, both 18 : 3n-3 and 18 : 1n-9 are widely promoted for their cardiovascular benefits (Kris-Etherton, 1999; Bemelmans et al. 2002) . Moreover, plant oil sources of these fatty acids, e.g. flaxseed (Nelson & Chamberlain, 1995) , rapeseed (Bierenbaum et al. 1991; de Lorgeril et al. 1994 ) and olive Larsen et al. 1999) oils exert a positive impact on cardiovascular risk factors in man. Thus, plant oils containing relatively low concentrations of 18 : 2n-6, and concomitantly higher levels of 18 : 1n-9 and/or 18 : 3n-3, may emerge as health-promoting food choices on the basis of both cardiovascular benefits and capacity to reduce the risk of opportunistic infection.
